The aim of the study was to explore the frequency and the clinical and diagnostic characteristics of a single nonsteroidal anti-inflammatory drug-induced hypersensitivity (SNIUAA) subgroup. Methods: In the hospital information system we identified patients who performed the oral provocation test (OPT) with analgesics between 2004 and 2016. We divided patients into phenotype groups based on clinical history and OPT results. Results: Altogether, 248 patients (44.3% of phenotyped patients) were diagnosed with SNIUAA. The most common offending drug in SNIUAA was diclofenac (52.4%), followed by pyrazolones (30.7%). In the group with selective diclofenac hypersensitivity, there was a larger percentage (40.0%) of patients with anaphylaxis. Compared to other phenotypes, significantly fewer patients had OPT performed with the suspected drug in SINUAA; however, in 69.4% of patients in this group, OPT with acetylsalicylic acid was performed. Conclusions: SNIUAA was the most common phenotype of nonsteroidal anti-inflammatory drug hypersensitivity in our cohort. Diclofenac was the most common cause of the hypersensitivity reaction and also the most common cause of anaphylactic reaction. In the group of patients with a positive history after taking diclofenac or pyrazolone, fewer OPTs with the suspected drug were performed, but more often OPT with aspirin to prove that hypersensitivity is selective.
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been reported to be among the most common drugs causing adverse reactions (1) . They are related to 21 to 25% of all adverse drug reactions (2) . The majority of adverse effects result from the drugs' pharmacological activity; these include stomach pain, gastrointestinal bleeding, and tinnitus. These adverse effects are dose-related and predictable, and can be seen in any treated patient, especially if a patient takes a higher cumulative dose. Hypersensitivity reactions are rarer and only occur in susceptible individuals in response to a small dose of the drug (3) . NSAIDs are the second most common cause of hypersensitivity reactions, after beta-lactam antibiotics (4) . The prevalence of NSAID hypersensitivity in the general population is between 0.6% and 2.5%, and is higher among patients with asthma (between 4.6% and 11.0%) (5). Moreover, NSAIDs are the cause of more than 50% of drug-induced anaphylaxis (6) . Hypersensitivity reactions can be divided into non-allergic or cross-reactive and allergic or selective. Cross-reactivity results from inhibition of COX-1 enzyme and involves reactions to several chemically non-related NSAIDs (3) . Selective hypersensitivity occurs when a patient reacts only to a single NSAID or different NSAIDs with a very similar chemical structure (3) . Selective hypersensitivity can be divided into two types: single NSAID-induced urticaria/angioedema/anaphylaxis (SNIUAA) and NSAIDs-induced delayed hypersensitivity reactions (NIDHR) (3) .
Patients with SNIUAA usually develop symptoms within a few minutes or 1 hour after a NSAID consumption. The symptoms range from mild urticaria and localized angioedema to anaphylaxis. In SNIUAA, the clinical spectrum of symptoms and timing of reactions suggest an allergic type I mechanism (3).
The aim of this study was to define the NSAID hypersensitivity patterns in patients referred to a Slovenian drug allergy clinic and to explore the clinical and diagnostic characteristics of the SNIUAA subgroup.
Methods

Patients
The Golnik University Clinic of Respiratory and Allergic Diseases is the only center in Slovenia performing diagnostics in adult patients with a suspicion of NSAID hypersensitivity. In the hospital information system we identified patients who had been subjected to an oral provocation test (OPT) with any analgesic between 2004 and 2016, and we reviewed their medical records.
We selected a group of patients with a firm diagnosis of NSAID hypersensitivity. They had either a positive provocation test or a convincing medical history of hypersensitivity reactions ( Fig. 1) . We evaluated the probability of NSAID hypersensitivity based on the data in the patients' medical records as follows: i) low probability of hypersensitivity: spontaneous occurrence of urticaria also during the time when analgesics were not used, or a medical history of simultaneous infection and fever; ii) moderate probability of hypersensitivity: non-specific symptoms coincided with the use of analgesic; the patient did not fulfil the criteria for high pre-test probability; or iii) high probability of hypersensitivity: reaction developed less than 4 hours after the intake of the first dose of analgesic and manifested with urticaria, angioedema, nasal stuffiness, dyspnea, or anaphylaxis, which could not be explained with any other reason; or positive OPT.
Medical files were first reviewed by junior physicians (HK, NS). In cases of uncertainty, the medical record was discussed in a panel with a senior physician (MK). If the data in the medical record were contradictory or insufficient, the patients were classified as moderate probability and excluded from phenotyping.
Diagnostic procedure
The vast majority of patients underwent a provocation test. In the case of a low pre-test probability, we proceeded with a single blind four-step gradual OPT with the culprit drug starting with 1/100 of the full dose, continuing after 90 minutes with 1/10, half, and full dose. The protocol was adapted from EAACI/GA²LEN guidelines (5). In patients with a history of aspirin hypersensitivity, reactions after multiple NSAIDs or aspirin-induced asthma, we performed OPT with COX-2 inhibitors or paracetamol. In patients with a history of anaphylaxis after NSAID, we started with a gradual aspirin challenge.
Phenotyping of hypersensitivity reactions
We divided patients into five groups based on the clinical phenotype of hypersensitivity reaction observed in clinical history according to the ENDA task force classification (3):
• NERD: NSAIDs-exacerbated respiratory disease. Dyspnea and/or rhinitis after NSAID intake; • NECD: NSAIDs-exacerbated cutaneous disease. Deterioration of chronic urticaria after NSAID intake; • NIUA: NSAIDs-induced urticaria/angioedema. Urticaria and/ or angioedema after NSAID intake; • SNIUAA: single NSAID-induced urticaria/angioedema/anaphylaxis; • NIDHR: NSAIDs-induced delayed hypersensitivity reactions.
Statistical analysis
The data are presented as the average and standard deviation. We used a t-test and chi-square test to observe the difference between the groups and results were considered statistically significant if the p-value was less than 0.05. All statistical analyses were performed using Microsoft Excel and GraphPad Prism 5 (GraphPad Software, La Jolla, CA, USA) software.
Results
Between 2004 and 2016, provocation tests with analgesics were performed in 2,090 patients (69.1% female) ( Table 1) . A total of 1,489 OPTs were performed with culprit analgesics, and 144 of these were positive. Overall, the provocation test was positive in 224 (10.7%) patients. There were no statistically significant differences in age between the groups of patients with positive and negative test results (47.1 ± 14.6 years vs. 47.8 ± 16.2 years; p > 0.05, t-test). The female-to-male ratio in the group of patients with positive test results was 1:1.54, and the ratio in the group with negative test results was 1:2.35 (p < 0.05, chi square test).
Phenotyping of hypersensitivity reactions
For phenotyping hypersensitivity reactions, a total of 559 patients with a clear diagnosis of hypersensitivity (Table 2) were included: 224 patients with positive provocation tests (133 female, 91 male, age 46.9 ± 14.7 years) and 335 patients with a convincing medical history of hypersensitivity reaction but without OPT performed with the culprit drug (236 female, 99 male, age 51.9 ± 14.8 years). There was a statistically significant difference in the female-to- male ratio (p < 0.05, chi square test) and age (p < 0.05, t-test) between the two subgroups of patients.
Phenotype SNIUAA
A total of 248 patients were classified as SNIUAA phenotype, which represents 44.3% of all patients who had their hypersensitivity reaction phenotype analyzed ( Table 2 ). In Table 3 we present the frequency of hypersensitivity to different analgesics in the subgroup of patients with a SNIUAA phenotype. Diclofenac accounted for 52.4% and pyrazolones for 30.7% of patients in the SNIUAA phenotype. Selective hypersensitivity in patients with a clinical history of having a reaction after pyrazolone and sodium diclofenac intake was mostly diagnosed based on a high pretest probability of a reaction after those two analgesics and negative OPT result with aspirin (Table 4) . Table 5 presents the clinical spectrum of symptoms observed in patients with a selective hypersensitivity. Most patients present with urticaria/angioedema, followed by anaphylaxis and asthma exacerbation. Table 6 presents the number of analgesics prescribed in Slovenia in 2017 (7) . Aspirin is by far the most commonly prescribed drug (including aspirin 100 mg used as an antiplatelet drug), followed by naproxen and diclofenac. ND* = provocation with a strong COX-1 inhibitor (aspirin, diclofenac, naproxen, ibuprofen, ketoprofen, pyrazolone) was not performed, ND** = provocation with suspected drug was not performed. 
Discussion
We have shown that selective NSAID hypersensitivity was the most frequent phenotype (44.3%) in patients diagnosed with NSAID hypersensitivity at the adult drug allergy clinic. The most common causes of selective hypersensitivity were diclofenac (52.4%) and pyrazolones (30.7%).
Despite the high prevalence of hypersensitivity to NSAID and the importance of determining the phenotypes, there is very little literature on this subject to enable comprehensive comparison of our data. A study by Pérez-Alzate et al. showed that in some countries cross-hypersensitivity is more common whereas in others selective hypersensitivity dominates (8) . In our study, among 559 patients whose diagnosis of hypersensitivity to analgesic was certain, 44.3% patients had anaphylaxis or urticaria after a single analgesic. The observed frequency of selective hypersensitivity to analgesic was similar to that in the study performed by Pérez-Alzate (8). However, it is possible that patients with anaphylaxis, which is a common clinical presentation of SNIUAA, seek medical advice more often than patients with a delayed rash, rhinitis, acute urticaria, or other minor reactions which might skew the results and lead to overestimation of SNIUAA.
The Spanish study refers to pyrazolones (9) as the main reason for selective hypersensitivity; in contrast, our study suggests that diclofenac is the most common culprit drug in SNIUAA (52.4%). Pyrazolones rank second, at 30.7%. There might be a concern that the epidemiology of hyper-reactivity reaction might simply follow the proportions of NSAIDs prescribed. However, we have shown that diclofenac ranked only third among the NSAIDs prescribed (7) . On the other hand, diclofenac is prescribed six times more often compared to pyrazolones, and so we can speculate that pyrazolones are much more allergenic compared to diclofenac. Whereas records are available for prescribed analgesics only, paracetamol, aspirin, ibuprofen, and naproxen (but not diclofenac and pyrazolones) can also be bought over-the-counter. Thus the usage of diclofenac and pyrazolones is not underestimated.
A study by Picaud et al. found that diclofenac is strongly associated with anaphylaxis (10) . Our conclusions were similar, with 40% of diclofenac-allergic patients presenting with anaphylaxis. Anaphylaxis was less frequent in patients with selective hypersensitivity to pyrazolones (23.4%), paracetamol (26.7%), and naproxen (15.4%).
Many studies have shown that a diagnostic procedure in patients with SNIUAA should begin with aspirin OPT (2, 11, 12) . This procedure enables separation of the cross-reactors from patients with selective hypersensitivity and prevent patients from unnecessarily avoiding a large group of analgesics. Ariza et al. showed that the selective hypersensitivity diagnosis for pyrazolones is most often based on convincing clinical history and negative oral aspirin provocation testing (9) , which is in agreement with our results. In our study, the SNIUAA group contained the most patients who did not have an OPT with the suspected analgesic; however, in almost 80% of patients with selective diclofenac or pyrazolone hypersensitivity an aspirin OPT was performed.
Even if a patient reports having a reaction after different NSAIDs, especially if the reaction is anaphylaxis, it is appropriate to test tolerance of aspirin -Pérez-Alzate et al. have shown that 7.9% of patients with selective hypersensitivity were hypersensitive to two or even more NSAIDs from different chemical groups (8) .
Previous studies have shown that approximately 40% of pa- (8) . An Italian study included 159 patients with NSAID hypersensitivity, but only those with urticarial or angioedema reaction (12) , and Danish studies included 147 patients with a reaction after ingestion of NSAID (13) . Our cohort is relatively large compared to other studies, with 2,090 patients included who had an OPT between 2004 and 2016. However, only 559 patients (26.8%) were included in the phenotype analysis because in the rest of the patients NSAID hypersensitivity was excluded or was unlikely. When the medical history is unconvincing, a provocation test is performed with the aim of excluding drug hypersensitivity. When the clinical history is convincing, we are confronted with an ethical dilemma whether to start the diagnostic procedure with a provocation test with the culprit drug, which would probably elicit a hypersensitivity reaction, or to instead perform a provocation test with an alternative drug with the aim of showing good tolerance. We showed that in real-life clinical practice the diagnostic procedure is more often focused on determining the analgesic that the patient can safely receive.
The research has some advantages and disadvantages. It was carried out as a retrospective analysis of the data generated during clinical work. In the cohort there are many patients; however, because several different physicians were involved in the diagnostics, it is likely that the diagnostic procedure was not always the same. Moreover, the diagnostic approach has also changed over the years. In addition, we did not consider the possibilities of observer and recall biases, which could significantly impact result interpretation. A concern might be raised that the selection of patients for the study by screening for patients who underwent a provocation test with analgesics might miss patients with a history of very severe reactions or very high index of suspicion in their history who were not challenged by a culprit drug. However, even patients with a high index of suspicion normally undergo a provocation test to confirm good tolerance with at least one alternative analgesic, such as paracetamol or selective COX-2 inhibitors. Lastly, we also did not perform follow-up visits to check for the tolerability of alternative NSAIDs, which SNIUAA patients were told they can safely receive.
Conclusions
An important finding of our study is that a large proportion of NSAID-intolerant patients do not tolerate only a single drug. A history of a reaction after pyrazolones and diclofenac, particularly anaphylaxis, is a strong predictor that the patient belongs to the SNIUAA group.
